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Oxidative Effects of 1,1,3-Tricyanol2-Amino-l-Propene. (26695) 

WILLIAM L. MILLER AND J. J. KRAKE (Introduced by Jacob C. Stucki) 
Department of Endocrinology, The Upjohn Co., Kalamazoo, Mich. 

In 1948 it was reported that a solution of 
malononitrile increased nucleic acid concen- 
tration of large nerve cells of the central ner- 
vous system of rabbits( 1). Since other in- 
vestigators were unable to reproduce this 
finding, a series of spectral analyses of fresh 
and aged solutions of the chemical was un- 
dertaken, indicating that active material was 
probably a decomposition product which 
formed on standing(2). Isolation and char- 
acterization (3) of 1,1,3-tricyano-2-amino-l- 
propene (U-9189) from similar aged solu- 
tions was reported to give the “nucleic acid 
effect” mentioned above and to uncauple oxi- 
dative phosphorylation in vitro (4). The 
compound was found to have antithyroid ac- 
tivity in humans and inhibit thyroxine for- 
mation in rats( 5 )  as well as cause pyrexia in 
rats.* Because this suggested alteration in 
gross metabolism of treated animals, it was 
decided to quantitate effects on oxidation 
rates of various Cl4-1abeled compounds in 
rats. 

Materials and methods. Adult male al- 
bino rats of Upjohn colony (Sprague-Dawley 
ancestry), weighing 175-180 g and fasted 18 
hr (overnight), were used for respiratory 
studies. Fasted young male rats weighing 
60-70 g were used for age comparison studies. 
Intraperitoneal doses of 50 mg/kg of U-9189 
or 15 mg/kg of 2,4-dinitrophenolt (DNP) 
used in these studies produced slight fevers 
of 1 to 1.5”F for 1-3 hr in intact and thyroid- 
ectomized rats. Doses of U-9189 and D N P  
were made fresh daily in deionized water or 
1/10 N sodium bicarbonate respectively; 1 

* Seay, P. H., McNeil Labs., Philadelphia, Pa., 
Unpublished data. 

t Eastman Organic Chemicals, Rochester, N. Y. 

ml volumes were injected. Some radioactive 
compounds were injected intraperitoneally as 
0.5 ml aqueous solutions of: C14-2-acetate, 
sodium (3.3 X lo6 cpm, 0.45 mg), P - 2 -  
glycine (1 X lo6 cpm, 0.17 mg), C14-glucose 
(uniformly labeled, 1 x lCP cpm, 0.19 mg), 
and C14-1-DL-leucine (8.8 X 105 cpm, 0.27 
mg) . C14-tripalmitin carboxyl labeled) was 
incorporated into an emulsion similar to Li- 
pomulz and 0.6 ml (2.4 X leS cpm, 0.43 mg 
of C14-1-tripalmitin) injected into a femoral 
vein. 

In a typical experiment, rats were injected 
with either U-9189 or DNP and % hr later 
with the C14 compound and placed in glass 
metabolic units from which the respired COZ 
was collected. Exhaled P O 2  was counted as 
BaC1403 by a procedure previously reported 
(6). In one series of rats, total respiratory 
C02 was evaluated by BaC03 collection, 
after which thyroid glands were removed. 
After 10 days of recovery, respiratory CO, 
was measured again and rats with 24-30% 
depression in C02 output were considered 
thyroidectomized and used in isotope experi- 
ments (Table IV). 

Results and discussion. Oxidation rates 
by intact adult rats. Results (Table I )  show 
that, % hr after injection of radioactivity, 
U-9189 increased oxidation rates of all C14- 
labeled compounds except glucose. Compared 
to their respective controls, peak stimulation 
af acetate oxidation was 83% at % hr, tri- 
palmitin 33% at  1 hr, DL-leucine 61% at 1 
hr, and glycine 110% at 5 hr. In view of 
the fact that U-9189 caused an increased out- 
put of total CO2 of about 34% during 5 hr 

$ Upjohn trademark for intravenous cottonseed 
oil emulsion. 
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TABTIE I. Survey of Effects of IT-91 89 oil ('iiiiiiiliitivc Oxitlation of Various Labeled Com- 
1101i11ils 11y l-':lstiilg Rilts..' 

C1*-2-Acetate Control ( 3 ,  t 11.0 +_ I . ( ; \ \  :!).4 2 2.7 42.0 2 3.2 48.4 t 2.4 55.3 2 2.1 

C"-l-Tripalmiti~i Control ( 6 1  6.9 .-I I!).:{ k .B 13.6 f 3.3 57.1 2 4.0 72.9 & 4.6 
I'-9189 ( G  9.0 2 .9 24. i  f 1.9 51.6 f. 2.9 69.0 I+ 5.9 80.6 2 4.2 

C'+-l-T,ciiciiic Coiitrol ( 4 )  5.5 2 .4 1 1 . 3  2 1.1 18.(i 2 .4 23.7 2 1.2 27.3 & 1.9 
U-9189 ( 4 )  8.5 2 ?.ti 18.2 f 2.6 26.6 k 2.7 30.2 + 2.2 32.0 2 1.9 

c:'+-2-c;lycinc Collttrol ( 5  ) 1.1 2 .L' 2.: 2 .(i 1.9 & .8 6.6 2 .9 9.9 t 1.1 

C'4-U11-Cflucose Control (4 ) 6.3 2 ..3 1X.f; k 1.0 24.0 1: 1.5 37.9 2 1.4 45.7 2 1.7 
U-9189 (4) 5.7 +_ .X 21.4 2 I.(; 27.7 2 3.5 35.7 2 4 . 0  45.2 2 3.5 

TJ-9189: ( Z )  '.?.ti IT 1.5 -!-I.,< '' 2.4 52.:< f 2.2 56.1 k 3.2 65.2 2 5.1 

U-9189 ( 5 )  2.3 t .1 5.1 2 .2 8.5 k .6 10.8 2 1.3 17.0 k 2.5 

* All ra t s  given U-9189 slioivwl a11 iii(*n~:ist~ of 2-1 '' i %  iii total CO, cxuhalecl by 5th hr. 
t S o .  of rats used to obt:iiii group i i i (w! i .  
$ 1,1,3 - t ric y a 110 -2 - :I I I  I i 1 I o - 1 -1 I rolwii c. 
0 Stniicl. error of i i i c w i .  

of measurement (Table I footnote), specific 
activity changes (Table 11) are more rele- 
vant in evaluating comparative effect of V- 
9 189 on oxidative metabolism. For acetate, 
leucine, and glycine, increased C1' to C12 
ratio was marked, suggesting increased utili- 
zation in excess of that produced by in- 
creased metabolic rate. In the case of gly- 
cine this was particularly sustained, while 
with tripalmitin there was a smaller but sig- 
nificant increase lasting less than an hour. 
Specific oxidation of glucose carbon was 

definitely less compared to controls, there- 
fore other carbon sources of energy were uti- 
lized in greater proportion in presence of the 
drug. 

Oxidative ejects in young and adult rats. 
In young rats, 50 mg/kg of U-9189 or 15 
mg/kg of DNP had little or no effect on oxi- 
dation of acetate (Table 111). However, 
compared to adult rats, young control rats 
oxidized acetate considerably faster, a rate 
which apparently could not be further in- 
creased by administration of drugs. 

* Data  calculated f rom Ha('0, collected froiii experiments recorded in Table I. 
t No change from controls. 

'I'AHT,F: 111. Effwt of Agt1 o i l  ('iiiiiiil;itiv(* O\itI:itioii of ('"-2-Acc~titte I)? Rats  Criwii Either U- 
91x9 or IISP." 

%, of  (!I' oxitlieecl to CO, at: 
Group % h r  1 hr 2 hr  3 hr 5 11r 

__ ~~ 

Yoling: Controls (6) 22.2 2 2.0 42.1 2 2.2 55.5 2 3.0 57.2 2 3.0 62.6 t 3.4 
U-9189 ( 6 )  26.9 2 1.7 48.7 2 1.0 61.3 2 1.5 64.1 2 1.7 65.7 2 1.7 
I ) N P  (4) 2l.t; t 3.3 41.8 2 4.2 59.4 & 1.1 60.8 2 1.9 67.1 -C 1.2 

A ( l i 1 l t  : C'olitrols (ti) 1 l . ( i  2 1.6 ?ti.; 3.4 44.9 & (i.7 51.9 2 4.5 58.6 -C 5.3 
"-9189 ( 6 )  25.6 1..5 44.8 2 2.4 52.3 2 2.2 56.2 2 3.2 65.2 2 5.2 
1)NP (4) 22.0 -+ 1.9 41.6 & ti.9 61.4 2 5.2 65.2 2 6.5 73.1 1: 7.0 
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TABLE IV. Oxidation of Cl4-l-Leucine by Fasted Thyroidectomized Rats.* 

Injected C14 oxidized to CL40, 
1/2 hr 1 hr 2 hr 3 hr 5 hr 

Group % O t  SA$ % O  SA %O SA % O  SA $410 Sh 

Control (6) 3.5 k . 5  13.7 1.2 20.2 & 1.9 25.5 & 2.0 28.7 -e 2.4 
U-9189 (6 ) t  3.8 2 . 4  108 2 1  16.6 1.3 109 2 2  25.2 1.5 0 30.0 f: 2.4 0 41.5 3.5 I) 

* Effect of U-9189 was tested 2 wk after thyroidectomy in rats specially chosen (see Methods). Con- 
trol values were obtained on these same rats 5 days previous to inj. of U-9189. 

t U-9189 treatment increased body temperature and total CO, output 40% by the 5th hr. 
$ Cumulative 7% of C14 dose oxidized. 
$ Specific activity (% of controls), 0 indicates no change from controls. 

Oxidation by thyroidectomized rats. U- 
9189 increased the metabolic rate of fasted 
thyroidectomized rats also. Both cumula- 
tive C1402 from Cl4-leucine, as well as total 
C 0 2 ,  increased about 4070 by the fifth hour 
(Table IV and footnote, Table 117). It is 
interesting to note that, in spite of a similar 
increase in Con, intact rats showed a greater 
increase in Cl4OoZ specific activity during the 
first hour, e.g., 2531% (Table 11), while op- 
erated rats showed only a slight increase of 
8-970 (Table IV) . Absence of thyroid gland 
therefore altered overall oxidative pattern. 
Presence of thyroid hormone (permissive 
action) for maximal response to reproductive 
hormones has been reviewed( 7 ) ,  but the na- 
ture of relationship between U-9189 and thy- 
roid hormone suggested here awaits further 
experimentation. 

Since the drug increased metabolic rate of 
thyroidectomized rats, i t  is unlikely that this 
action resulted from induced thyroid hor- 
mone secretion in intact rats. The mechan- 
ism whereby U-9 189 increased metabolism 
in vivo was probably due to uncoupling of 
oxidative phosphorylation mentioned previ- 
ously. However, U-9189 does affect the thy- 
roid gland per se in that it can depress thy- 
roid function as mentioned earlier. In  view 
of this, it is interesting that a similar com- 
bined effect has been reported for salicylates. 
They have been shown to uncouple oxidative 
phosphorylation by a manner different from 
that reported for thyroxine(8) and to depress 
thyroid function (9).  Salicylates have also 
been shown to release thyroxine from serum 
proteins( 10) and i t  is possible that decreased 
C14 specific activity response obtained from 
thyroidectomized rats given U-9 189 was re- 
lated to lack of bound thyroid hormone 

which may have been released had it been 
present. 

Summary. Administration of 1,1,3-tricy- 
ano-2-amino- 1 -propene (U-9 189) increased 
total C02 output and oxidation of C1*-labeled 
acetate, tripalmitin, DL-leucine, and glycine 
in intact fasting rats. U-9189 also increased 
C1‘ specific activity of exhaled C02 suggest- 
ing increased utilization in excess of in- 
creased metabolic rate. Total oxidation of 
C14-glucose was not influenced; resultant 
specific activity was therefore decreased. Al- 
though in thyroidectomized rats U-9 189 pro- 
duced a similar increase in total COC expired 
and oxidation of C14-DL-leucine, specific ac- 
tivity of total C 0 2  increased only slightly 
compared to intact rats given U-9189. Total 
“oxidative effect” of U-9 189 appeared to be 
lacking in the absence of thyroid gland. 

Jr. for a sample of U-9189. 
The authors are indebted to Dr. Floyd S. Eberts, 
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